Although the notion of Science and Technology Parks (STPs) has become fairly widespread, however, the level of university involvement in these parks differs hugely. At the extremes, there are parks that are owned and managed by universities, and parks with no formal links of any kind with a university. We use data from the Community Innovation Survey (CIS) for Spain and a survey of STP park managers to analyse how the level of involvement of a university in the STP affects the innovation outputs of its tenants and their links with universities. We find that higher involvement of a university in the STP negatively affects tenant's innovation sales and positively affects the number of patent applications. We find no robust evidence of the involvement of a university in the propensity for park firms to cooperate with a university or to purchase external R&D services from the university. 
Introduction
Science and Technology Parks (STPs) agglomerations that are policy-driven (Huang et al., 2012) with management teams engaged actively in fostering the creation and growth of innovative on-site firms. The International Association of Science Parks (IASP, 2002) definition states that STPs aim at facilitating and managing flows of knowledge and technology amongst universities, R&D institutions, companies and markets, and stimulating the creation and growth of innovation-based companies through incubation and spin-off processes.
In reality, the different development patterns and wide variety of shareholders and founders of STPs (Phan et al., 2005) have contributed to the formation of very heterogeneous organizations (Westhead, 1997) , with an important different being the level of involvement of a university in the park. For example, all STPs in the UK are university initiatives (Westhead and Storey 1995; Siegel et al., 2003a) . However, in most countries (e.g. the US (Link and Scott, 2007) , Australia (Phillimore, 1999) , China (Wright et al., 2008) , Japan (Fukugawa, 2006) , France (Chorda, 1996) , Portugal (Ratinho and Henriques, 2010) , Spain and Italy (Albahari et al., 2013a ) the level of university involvement in national STPs varies hugely In addition to the benefits provided by TPs, SP firms gain from the externalities due to proximity to a university. The importance of universities as external sources of knowledge for firm innovation has been widely recognized since the 1980s (Bozeman, 2000) and is emphasized in Etzkowitz and Leydesdorff's (1997) triple helix notion and by open-innovation (Chesbrough, 2003) approaches. The effects of proximity to a university on firm innovation have been studied in depth (Lawton Smith, 2007) . Location close to a university allows firms to take advantage of knowledge spillovers, which are geographically localized (Feldman and Kogler, 2010 ) due mainly to the localized nature of tacit knowledge transfer (Gertler, 2003) .
SPs aim at institutionalizing this proximity between their tenant firms and the university, while universities are interested in developing SPs to facilitate commercialization of academic research, to internalize financial returns (Storey and Tether, 1998b; Link et al., 2007) and to legitimize their knowledge transfer activities related to their commitment to contribute to society (Monck et al., 1988) .
However, some are critical of the role played by universities in parks. In particular, Hansson et al. (2005) claim that the model of a SP as an intermediary between university and industry institutionalzes distance rather than proximity, and results in low levels of interaction. The university's role as a bridging institution may not be legitimate since the interests of the SP and those of the university and the park firms may be different 3 (Foray and Lissoni, 2010) .
Despite the popularity of STPs around the world, and the research attention they have attracted (Albahari et al., 2010) , to our knowledge, there are no empirical studies that investigate the effect of university involvement in a STP.
The present paper has two main objectives: to fill this gap in the literature by analysing whether the degree of involvement of universities in a STP influences its tenants' innovation performance, and to analyse how this involvement affects university-industry relationships.
First, we contribute to the ongoing debate on STPs' effectiveness (Albahari et al., 2010) . Some authors question the STP model (Macdonald, 1987; Massey et al., 1992; Hansson et al., 2005) while others claim that STPs provide a supportive environment for firms (Siegel et al., 2003a; Hommen et al., 2006 ) -a debate that has been stoked by empirical work. Some authors find a positive effect of STP location on firms' performance (Siegel et al., 2003b; Yang et al., 2009 Squicciarini, 2008 , 2009 , while others find no significant differences between on-park and offpark firms (Westhead, 1997; Colombo and Delmastro, 2002) . We contribute by analysing the different effects of TPs and SPs on firms' innovation outcomes.
3 E.g. to maximize their income, STPs are keen to rent all available spaces, which can result in less rigid admission criteria.
Second, fostering knowledge and technology transfer between universities and industry is one of the stated objectives of a STP (Storey and Tether, 1998b) . However, the evidence is contrasting. On the one hand, there is some consensus about the positive effect of informal links established between tenant firms and universities (Felsenstein, 1994; Westhead and Storey, 1995; Vedovello; 1997; Löfsten and Lindelöf, 2002) . On the other hand, very few studies (Colombo and Delmastro, 2002; Fukugawa, 2006) The remainder of this paper is organized as follows. Section 2 specifies the empirical framework for the study. Section 3 presents the results and Section 4 concludes and suggests some directions for future research.
Empirical framework

Empirical model
We want to estimate the effect of type of STP (based on level of university involvement) on firms' innovation results and linkswith universities. The empirical model can be written as:
where Y is the dependent variable and STPtype is a vector of variables for STP type. Since the objective is to analyse the effect of different STP types on firms' innovation results and firms' links with universities, it is crucial to account for potential confounding factors. On the one hand, we expect that firm characteristics differ across STP types (e.g., SP firms are likely to be more science oriented than TP firms). Thus, we need to control adequately for firm characteristics in order to obtain unbiased estimates of β. On the other hand, we expect STP characteristics will differ across STP types (e.g. SPs may be smaller). Again, controlling for STP characteristics is crucial to obtain unbiased estimates of β.
Data
We combine firm-level data from the Other secondary data sources are INE national accounting and INE population census data.
Variables definition
Dependent variables
In this subsection we describe the variables used to measure the innovation performance of tenant firms and their relations with universities. We also report empirical evidence from previous work on STPs that employs the same or similar variables.
Innovation outputs lnewmerl
The first indicator of on-park firms' innovation performance is sales from new to the market products. We have data for each firm in the CIS survey. This indicator is used in several studies of innovation (for a review see e.g. Vásquez-Urriago et al., 2011) . It is argued that it overcomes problems associated with other indicators such as patents, R&D expenses and number of innovations (Griliches, 1998) .
Previous empirical studies have compared the outcomes of on-park and off-park firms and show contrasting results. Monck et al. (1988 ), Westhead (1997 and Löfsten and Lindelöf (2002) find no differences between on-and off-park firms for number of new products launched onto the market, while Siegel et al. (2003b) finds that on-park firms slightly outperform off-park firms.
4 Although central government is not directly involved in any STP initiatives, response to this survey is required in order for STPs to access government funding. In a few cases, missing data for a particular park required direct contact with the relevant park manager. In a recent working paper, Vasquez-Urriago et al. (2011) , using the indicator of sales obtained from new to the market products, find a strong and positive impact of on-park location.
Operationally, the dependent variable lnewmerl is the logarithm of the sales obtained from new to the market products per employee, for products introduced in the period [2007] [2008] [2009] .
lpatnuml
Number of patents granted is a widely used indicator of innovation performance in previous work (Griliches, 1998 and there is a body of evidence on the effect of on-park location on the patenting activity of firms. In their pioneering work on STPs, Monck et al. (1988) find that patenting activity is not affected by on-park location, a result supported by Westhead (1997), Löfsten and Lindelöf (2002) ; Colombo and Delmastro (2002) . However, others find a positive effect of on-park location on the likelihood of patenting (Squicciarini 2008 (Squicciarini , 2009 Huang et al., 2012) 6 .
The variable lpatnuml is the logarithm of number of patent applications per employee. Siegel et al. (2003b) find a positive effect on number of patents, although the magnitude of this effect is quite small when they control for endogeneity bias. 7 The findings in Monck et al. (1988) from a study of STPs in UK are very similar for propensity for establishing links with local universities between on-and off-park firms. These results are confirmed by Quintas et al. (1992) and Malairaja and Zawdie (2008) , who find no statistically significant differences between the on-and off-park samples. Vásquez-Urriago et al. (2012) concludes that on-park location has a strong and positive effect on firms' propensities to cooperate 8 on innovation activities.
Links between tenants and universities
We proxy the link between a university and an on-park firm using two indicators: coopuni is a dummy variable that takes the value 1 if the firm cooperates 9 with a university or some other higher education institution; lRDboughtl is the amount of external R&D bought from a university, defined operationally as the logarithm of total expenditure on R&D services sourced from a university per employee.
Independent variables
Our main objective is to show the effect of different levels of university involvement in the STP on tenant firms' innovation outputs and links with universities. As already mentioned, the variety of STP experience in relation to level of involvement of a university makes Spain a good case study. This experience ranges from parks wholly or partly owned and managed by a university, which we describe as Pure Science Parks (PSPs) to parks with no formal links to a university, which we describe as Pure Technology Parks (PTPs). Between these extremes are STPs where a university is a minority shareholder, described as Mixed Parks (MPs) and parks where a university (although not a shareholder) has some research facilities located in the STP, which we describe as Technology Parks with University (TPUs).
Using data on the percentage share of each park shareholder, and information on the presence of university facilities in the STP, we define four dummies variables ( 8 Not exclusively with a university. 9 The CIS refers to cooperation as active participation with other organizations on innovation activities; this does not include subcontracting. 10 Managers of PTPs were contacted by phone or email, to confirm this categorization.
Control variables -firm level
Previous studies using CIS data show the importance of general firm characteristics (i.e. total turnover, exports, industry sector, firm age) and innovation-specific characteristics (i.e.
innovation effort, percentage of employees with a PhD, perceived obstacles to innovation) as determinants of innovation outputs (for a review see Vásquez-Urriago et al., 2011) and links with universities (for a review see Veugelers and Cassiman, 2005) . The list of covariates used in the present study is shown in Table 2 Table 3 shows that these covariates seem to be related also to park type. PSP and MP firms are younger, smaller and more R&D intensive. The more scientifically-oriented the park, the higher the percentage of knowledge intensive firms. We need to control for these covariates such that estimates of β capture the effects of different types of STPs, and do not confuse them with firm characteristics. (2013b) show that the characteristics of the STP significantly affect tenants' innovation results. We distinguish between two types of STP characteristics: structural characteristics (age and size), and managerial characteristics (size of the management entity, and provision of services) (Table 4 ). Table 5 shows that park characteristics are related also to park type. Spanish PSPs are the youngest and smallest type of park; they have larger management teams and provide more services. We include park's structural characteristics as control variables to avoid biases in the estimations of β. We also include managerial characteristics.
However, these could be interpreted in different ways since different types of parks might adopt different management styles, which might contribute to their differing results. For example, one indication of the university effect might be via better provision of services to tenants (Table 5) . lnfirms is the log of number of park tenants at the end of the year previous to the survey (2008) , and proxies for park size.
The independent variables related to the characteristics of park management are: a) lstaffr, number of full-time equivalent employees in the park's management company per 100 tenants; b) international, a dummy variable that takes the value 1 if the park management provides services to foster internationalization of its tenants, and 0 otherwise; c) consult, a dummy variable that takes the value 1 if the park management provides legal, commercial and/or fiscal consulting services to its tenants, and 0 otherwise. Table 6 presents descriptive statistics for the variables used in our models for the 849 sample firms. Descriptive statistics for the same variables per park type are presented in the Annex. 
Results
Influence of park types on innovation outputs
The effect of park type on innovation is shown in Table 7 . Column I provides a crude view of the effect of park type on sales of new products per employee; it shows no differences because park types are related to different firm and park characteristics. Column II includes the set of firm covariates, but does not control by park characteristics; there are no significant differences across park types. Column III includes measures for parks' 'structural' characteristics (age and size). These characteristics have been shown to be relevant for explaining the performance of tenant firms (Albahari et al., 2013b) and, as previously shown, are correlated with park type (see Table 5 ). They should be included in the regressions to avoid omitted variables bias. When the effect of these variables is controlled for, we observe that firms located in pure science and in mixed parks perform worse than firms in other types of parks with no university presence.
These results hold when the variables capturing park management, management team size, and provision of internationalization and consultancy services, are included (Column IV). The magnitude of the effects is quite large, 122 log points for PSPs, and 96 log points for MPs (roughly 70% and 62% fewer sales of new products per employee, respectively). We include in the specifications a large set of firm covariates in order that the effect of park type is not confounded by the influence of orientation of firms' innovation processes. These covariates may capture some degree of the heterogeneity of the innovation processes, but it could be argued that the firm's specific innovation orientation (more scientific related or more product related) is not adequately captured. This is important because it might be expected that more scientifically oriented firms might focus more on patenting, and more product oriented firms might achieve higher returns from sales of new products. Tables 8 and 9 include the covariate, PhDs, to proxy for the percentage of R&D employees with a PhD degree. However, we can include this covariate only for those firms with a formal R&D department, 11 which reduces our sample of on-park firms to 667 (78.6% of the 849 firms in the full sample). 12 We deal with reduction in numbers in two ways. First, Table 8 assumes that firms with no R&D department are product oriented and, accordingly, we assign them zero percentage of PhDs 13 in the R&D team. In this case, we include an additional covariate, int_R&D, which is a dummy variable that takes the value 1 if the firm conducts R&D and zero otherwise. Second, Table 9 estimates the model on the smaller sample.
The main results do not change significantly in any of these estimations, despite the percentage of PhDs showing a positive effect on patents and a negative (non-significant) effect on products.
In addition, when our preferred specifications, controlling for the whole set of park characteristics (Tables 8 and 9 , Columns II and IV) are examined, the magnitude of the effects is very similar to those presented in Table 7 . Accordingly, it seems that the different performance of firms located in different types of parks are, at least to some extent, a consequence of the role played by the university rather than differences in the firms located in them. This result is not surprising. Spanish universities traditionally have suffered from an inability to transform knowledge into new products (Testar Ymbert, 2012) and it would seem that parks with a high university presence (pure science and mixed parks) have the same problem. Thus, we can conclude that PSPs do not help to overcome this drawback.
However, PSPs seem able to foster higher levels of firm patenting. This result can be interpreted in different ways. On the one hand, patenting could be regarded as a first step towards more marketable results. On the other hand, most patents never materialize into new products; a great deal of effort is required to transform a patent into an economic success (Chesbrough, 2003) . To sum up, we find no evidence that SPs fostering cooperation with universities. When external R&D is analysed, the coefficient of PSPs is always positive and quite large, although it is significant only in column VI which does not account for park characteristics.
Regarding the covariates, we find a significant effect of innovation effort, industry technological level and level of development in the province. This last effect is negative, indicating that firms in more developed provinces are less likely to cooperate with universities, and less likely to buy in university R&D.
14 No significant effect is found for size, exports or obstacles to innovation, while age shows a positive effect, which is significant in the cooperation equation, but not in the equation for external R&D. -Gil and Conti, 2013) . Table 11 includes this indicator, and assumes that firms with no R&D department are product rather than science oriented and accordingly, are assigned zero for percentage of PhDs. Table 12 presents the regression excluding these firms. The results are similar to those in Table 10 . No difference is found across park types for likelihood of cooperation with universities, and there is a positive, non-significant effect of PSPs for external R&D. Finally, as expected the percentage of PhDs in the R&D team has positive coefficients, although they are significant only for the results for external R&D in Table 11 .
Overall, the results suggest that the decisions of firms regarding the existence and extent of their relationships with universities are not affected by the type of park in which they are located. If one of the reasons why universities develop SPs is to encourage more cooperation between firms and universities than occurs with other types of park firms, then the Spanish experience would seem to show that the effort is wasted. 
Discussion and conclusions
STPs are the subject of debate over their effectiveness for supporting business innovativeness and encouraging the establishment of links between firms and universities. However, how much the level of involvement of universities in parks affects park firms' innovation outcomes and links with universities has not so far been addressed.
We investigated this by studying how different levels of involvement of a university in a STP affects firms' innovation outputs measured as sales of new to the market products and numbers of patent applications, and links between STP firms and universities measured as cooperation and purchase of university R&D services. To this end we have distinguished four types of park:
pure science parks where the university is a major shareholder; mixed parks in which a university is a minority shareholder; technology parks with university where there is no university shareholding, but some university research facilities are located in the park; and pure technology parks in which the university has no formal involvement.
We exploited firm level data from the Spanish CIS and park-level data the Survey 2009 on the Characteristics and Results of Science and Technology Parks.
Our results for innovation output show clear specialization according to park type: PSP firms show highest patenting performance and lowest product innovation levels, while PTP firms perform best for sales of new to the market products and worst for patenting. For cooperation with a university and the amount of R&D services bought from a university, we found no robust evidence of an influence of type of the park.
It could be argued that these results might be biased by the different orientation of the firms' innovation processes -more scientific or more product-oriented -in different types of parks, and by other park characteristics. To account for these factors, we included a large set of firm level covariates to capture, at least to some degree, the heterogeneity of firms' innovation processes, and we controlled for different park characteristics. We find that, to some extent, the different innovation performance of firms is attributable more to their location on different types of parks than to differences among firms.
Our research has implications at different levels. For university managers it indicates that involvement in park ownership/management allows firms to benefit from the knowledge created in the university, but that more effort is needed to transform this knowledge into commercial outputs. Our research suggests also that firms on parks managed by universities do not 
